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' I The Challenge

Develop an experimental set-up to record
flow and spreading under controlled conditions: Interface formation & performance

High-speed photography & image analysis

1000
Joining i
Composites

Oxide scales
Stability of thin films
& heterostructures

800

600

400

Bonding Strength (MPa)

ot L
| g "'ﬂuum |

400 800 1200
W, (mJ/m2)

MD simulations

Characterization
& modeling

Mounting of LEDs

eMetal-oxide interfaces:

Adhesion, atomic transport, segregation
eHigh-temperature flow & spreading of molten
metals and oxides

Link macroscopic measurements to phenomena occurring at the
microscopic and atomic levels



f:\\ ﬁ‘ Metal/Oxide Interfaces-Adhesion

BERKELEY LAB

Fundamental role of
oxygen activity: adsorption

Role of image and dispersion

forces plus chemical bonding
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;:.:}‘ A ‘ Spreading at High Temperature I
G

Non-reactive systems

Driving forces:

Mo
Ysv-Ys-YivCOSOp iz 2l

Dissipation

T(iw'l'if'l'io < 45000, 10 s




Au/Ni, 1100°C, p(02)<10-%2 atm, ~ 20 ms

2000 fps



rff\‘ a‘ ‘ Non-reactive Spreading I
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BERKELEY LAB

ﬁ‘ ‘ Molecular-kinetics Models I

Reaction-rate approach TZW“\
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A\\ MD Simulations
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| Physical Implications | {8
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Liquid metals:

AG, = AG = 80-140 kd/mol
Activation energy for
surface diffusion

Molten Oxides:

AG, = AG, =230-300 kJ/mol
Activation free energy for
viscous flow (AG, )
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v oc D/h3

Critical velocity:
v~ 6D/a
dh s dX
-- h$ - z
N - Nanosized ridge formed at the
- triple junction of a Cu drop

spreading on Al,O4 af 1150°C

Microscopic 2-D equilibrium
hR<<1=06-0,,
V" = dx/dt V] = dh/dt

Lopez-Esteban et al., Langmuir, 2005 r
Saiz & Tomsia, Curr. Op. Sol. St. Mat. Sci., 2006 ah > -
Gremillard, Saiz, Radmilovic & Tomsia, in press 0
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Reactive Systems
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2006
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